Introduction
Microbiological monitoring refers to the practice of scheduled, repetitive testing of an animal colony for evidence of selected microbial infections [10] . Recently, the transfer of genetically engineered mutant (GEM) animals between domestic and/or foreign animal facilities has gradually increased. Various kinds of microbiological contamination have been reported in both mouse and rat facilities [2, 7, 12, 17] , and new pathogens such as Helicobacter hepaticus have been isolated in immunodeficient and GEM animals [4, 5, 8, 13] . Therefore, it is an important task to report on the microbiological status of animal facilities.
The ICLAS (International Council for Laboratory Animal Science) Monitoring Center has proposed the following categorization for the microbiological status of animal facilities [10] : Category A -zoonotic and human pathogens carried by mice and rats; Category B -fatal pathogens to mice and rats; Category C -potential pathogens capable of causing diseases in mice and rats and affecting their physiological functions; Cat-egory D -opportunistic pathogens of mice and rats; and Category E -microbes as indicators of the microbiological status of mice and rats.
At the ICLAS General Assembly held in May 1999, the Korea Research Institute of Bioscience and Biotechnology (KRIBB) signed a certification for the 'ICLAS Monitoring Subcenter' with the National Laboratory Animal Centre, Mahidol University, Thailand. The ICLAS Monitoring Subcenter in Korea has formally performed the genetic and microbiological monitoring for health surveillance since 1999. In the present study, we investigated the health status of 51 mouse and 34 rat facilities with either the barrier or conventional systems in Korea.
Materials and Methods

Specimens
We tested 670 mice from 51 facilities (38 barrier and 13 conventional) and 265 rats from 34 facilities (18 barrier and 16 conventional) in Korea between 1999 and 2003 (Table 1) . We performed microbiological monitoring to survey the levels of microbiological contamination within these facilities. Animals from commercial breeders and KRIBB were not included in this study. Animals were sacrificed by exsanguination under deep ether anesthesia.
Serological tests
At the ICLAS Monitoring Subcenter in Korea, microbiological monitoring was performed for 24 known mouse pathogens and 23 known rat pathogens including viruses, bacteria, parasites and fungi ( Table 2 ). All viruses, cilia-associated respiratory (CAR) bacillus, Clostridium piliforme and Mycoplasma (M) pulmonis were examined by serological methods. After enzymelinked immunosorbent assay (ELISA) was conducted, positive and suspected sera were confirmed using the indirect immunofluorescent antibody (IFA) method. We used ELISA plates and IFA slides made by the ICLAS Monitoring Center (Kawasaki, Japan). Diluted specimens and control sera were added to the ELISA plates. After incubation for 60 min at 37°C and washing with phosphate buffer saline containing 0.25% Tween 20 (PBS-Tween), the plates were incubated with enzymeconjugated protein A or anti-rat IgG at 37°C for 60 min. After washing with PBS-Tween, the plates were visualized with o-phenylenediamine dihydrochloride (Sigma, Saint Louis, USA). The reaction was stopped after 10 min by addition of 3.5 N H 2 SO 4 . The absorption was measured by ELISA reader at 495 nm. The IFA test were performed as follows: After cold acetone fixation of IFA slides for 10 min, control sera and diluted specimens were added to the slides. After incubation for 20 min, the slides were washed and FITC-conjugated anti-mouse IgG or anti-rat IgG was added. The slides were again incubated for 20 min, washed, mounted and observed under a fluorescence microscope (Olympus Optical Co., Tokyo, Japan).
Culture tests
Culture tests were performed to isolate Bordetella bronchiseptica, Citrobacter rodentium, Corynebacterium kutscheri, Pasteurella (Pa) pneumotropica, Pseudomonas (Ps) aeruginosa, Salmonella spp., Streptococcus pneumoniae and dermatophytes. The mucous membranes of the nasal cavity and trachea were wiped with a moistened fine cotton swab and streaked onto After incubation of the agar plates at 37°C for 24 or 48 h, colonies were recovered. We used the biochemical test, the antibiotic sensitivity test and others for colony identification. To isolate the dermatophytes, the hairs and scale were placed on the surface of Sabouraud 2% glucose agar (Merck). After incubation of the agar plates at 25°C for 5 to 10 days, colonies were recovered.
Parasitological tests
Parasitological tests were performed to isolate ectoparasites, intestinal protozoa and pinworms using the direct smear and cellophane tape tests. Duodenal and cecal contents were used for the direct smear test. A wet mount specimen of duodenal or cecal contents was mixed with a drop of distilled water and was examined under a microscope. To determine which kinds of protozoa differentially infected barrier and conventional facilities, we differentiated Chilomastix (C) bettencourti, Entamoeba (E) muris, Giardia (G) muris, Spironucleus (S) muris and Tritrichomonas (T) muris by protozoal movement patterns and morphology. Korea (1999 Korea ( -2003 ) Figure 1 shows the microbiological contamination of barrier and conventional mouse facilities in Korea from Figure 2 shows the microbiological contamination of barrier and conventional rat facilities in Korea from 1999 to 2003. In barrier facilities, Sendai virus, Ps. aeruginosa, Pa. pneumotropica and protozoa were recovered. Among them, Pa. pneumotropica and protozoa were recovered in 27.8% and 38.8% of facilities, respectively, and of the Category A and B pathogens [10, 14] , only Sendai virus was recovered from 1 of 18 (5.6%) barrier facilities. With the conventional system, M. pulmonis, Pa. pneumotropica and pinworm were recovered from over 40% of facilities. Among them, M. pulmonis was recovered from 12 of 16 (75.0%) conventional facilities. Hantavirus was recovered in 2 of 16 (12.5%) conventional rat facilities. Korea (1999 Korea ( -2003 Figures 3 and 4 show the protozoal contamination of mouse and rat facilities using barrier or conventional systems in Korea from 1999 to 2003. C. bettencourti, E. muris and T. muris were respectively recovered from 7 (18.4%), 8 (21.1%), and 11 (28.9%) of 38 mouse facilities with the barrier systems. G. muris and S. muris, categorized as pathogenic protozoa of mice at the ICLAS Monitoring Center [10, 14] , were recovered from 5 of 13 (38.5%) conventional mouse facilities, and T. muris was recovered from 9 of 13 (69.2%) conventional mouse facilities. In barrier rat facilities, E. muris and T. muris were recovered from 33.3% and 11.1% of facilities, respectively. S. muris, also selected as a pathogenic protozoa of rats at the ICLAS Monitoring Center [10, 14] , was recovered from 2 of 16 (12.5%) rat facilities with a conventional system. Pathogenic protozoa, however, were not recovered in mouse or rat facilities using the barrier system. Values shown are prevalence in barrier and conventional facilities. Several pathogens not listed in Figure 1 were not isolated in this study. Fig. 2 . The microbiological contamination of rat facilities. Values shown are prevalence in barrier and conventional facilities. Several pathogens not listed in Figure 2 were not isolated in this study.
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Discussion
This study reports on the microbiological status of laboratory mice and rats housed in barrier or conventional facilities in Korea from 1999 to 2003. We excluded animals from commercial breeders and KRIBB because those facilities have supplied specific-pathogen-free (SPF) mice and rats since 1995. One of the major contaminations at mouse facilities with the barrier system was MHV. Although the prevalence rates of Pa. pneumotropica and protozoa were higher than that of MHV, the risk associated with MHV is higher and it is classified as a Category B pathogen by the ICLAS Monitoring Center indicating that it is a pathogen fatal to mice [10, 14] . As shown in Figs. 1 and 2 , a national survey conducted during 1996 in the USA reported that MHV was present in more than 72% of institutions with conventionally housed mice, but also in nearly 12% of institutions with barrier-housed mice [9] .
As expected, the prevalence of microbes was higher at conventional facilities than barrier facilities (Figs. 1  and 2 ). At more than 40% of conventional mouse facilities, fatal mouse pathogens such as MHV, Sendai virus and M. pulmonis were recovered. Among infected facilities, the prevalence of MHV was the highest (84.6%) among fatal mouse pathogens (Fig. 1) . Interestingly, hantavirus was recovered from both barrier and conventional mouse facilities. Hantavirus is not a microbiological monitoring item at the ICLAS Monitoring Center for mice [10, 17] , but on the basis of our data, hantavirus could be recommended as one of the important pathogens selected for microbiological moni- toring in mice in Korea. Hantavirus has been isolated from wild-caught Mus musculus [1] , and Hantaan virus, the prototype of the genus Hantavirus, caused lethal encephalitis in adult immunocompetent laboratory mice [16] and symptomatic infection in newborn mice [3, 11, 15, 18] . Among the zoonotic or fatal pathogens of rats, only Sendai virus was present in rat facilities with the barrier system. In this study, a major contamination at conventional rat facilities was M. pulmonis, and several zoonotic and fatal pathogens were recovered. Among the bacterial pathogens other than was M. pulmonis, the prevalence of Pa. pneumotropica was highest in mouse and rat facilities using a barrier or conventional system. The following are proposed as reasons explaining the prevalence of Pa. pneumotropica: 1) many researchers have used GEM mice without rigorous microbiological monitoring; 2) the transfer of GEM animals infected with Pa. pneumotropica has gradually increased; and 3) researchers consider Pa. pneumotropica as an opportunistic pathogen and do not pay adequate attention to contamination. Recently, the ICLAS Monitoring Center suggested changing the category of Pa. pneumotropica from Category C (potential pathogen) to Category D (opportunistic pathogen) based on its pathogenicity and the nature of the species with a wide diversity of characteristics [10] .
In the present study, pathogenic protozoa were not recovered in mouse and rat facilities using the barrier system. We did, however, detect pathogenic protozoa in conventional facilities of both mice and rats. The most common protozoon in barrier mouse facilities was T. muris, and in barrier rat facilities was E. muris as shown in Figures 3 and 4 . The prevalence of parasites recorded in this study was higher than that of previous reports [6] . The ICLAS Monitoring Center reported that Octomitus pulcher was the most common parasite in Japanese facilities (9.2% of facilities) from 1996 to 1998 [6] . We suggest that conventional facilities should be renovated and monitored regularly to decrease pathogen contamination, because the microbiological contamination of mice and rats in conventional facilities was severe.
In conclusion, we have shown that one of the most important pathogens regularly detected in both barrier and conventional mouse facilities was MHV. In rat facilities with the conventional housing system, M. pulmonis infection was one of the most important diseases identified. We also propose that hantavirus should be monitored in Korea as an important pathogen of mice.
